Gamma-ray bursts are among the most powerful and remote events in the universe. It is commonly thought that these explosions originate inside fireballs expanding ultra-relativistically. Here we report a direct measurement of the relativistic expansion velocity of the fireball. Using the robotic telescope REM located in Chile we were able to catch the infrared afterglow of two gammaray bursts before the early maximum. By measuring the delay between the burst onset and the peak of the afterglow light curve, we determine the fireball initial Lorentz factor to be about 400, corresponding to a velocity > 99.999%
of the light speed.
Gamma-ray bursts (GRBs) are powerful explosions coming from the remote universe. Their brief prompt emission at soft gamma-ray energies is followed by a fading afterglow of lower energy radiation (radio to X-ray wavelengths) which can be observed for up to weeks or months.
The extremely large energies released by GRBs, coupled with their non-thermal photon spectra and short variability timescales, imply that the source of the emission, the so-called fireball, is expanding at relativistic speeds (1) (2) (3) . In the fireball model it is envisaged that the prompt GRB emission is produced inside the fireball itself, while the afterglow is generated when the fireball slows down by impacting the surrounding medium (4, 5). Here we present fast-response robotic observations of the near-infrared (NIR) afterglow of the gamma-ray bursts GRB 060418
and GRB 060607A. We are able to clearly detect the afterglow peak and to measure its delay with respect to the prompt emission, thus obtaining for the first time a direct mesurement of the inital fireball Lorentz factor Γ 0 .
In order to reproduce the observed phenomenology, most of the GRB scenarios proposed and discussed over the years rely on the fireball model (2, 3) . A central engine suddenly releases a very large amount of energy which escapes the system as a fireball expanding at relativistic speeds, composed by photons and electron-positron pairs with a small baryonic load. A fraction of the energy is emitted during the prompt event in gamma-rays. The very short time variability implies that this emission takes place at relatively short distances (∼ 10 14 -10 15 cm) from the explosion site. The onset of the afterglow is believed to occur at larger radii (∼ 10 16 -10 17 cm) when the fireball starts decelerating due to the interaction with the surrounding material. During this so-called external shock process, part of the fireball kinetic energy is dissipated into internal energy and can be radiated. The resulting afterglow emission is non-thermal and spans a wide range of wavelengths. According to the standard theory, the afterglow reaches its maximum luminosity when the Lorentz factor has dropped to about half of its initial value, therefore the very early afterglow carries crucial information on the dynamics of the fireball itself (2, 3).
In principle, the afterglow peak should be observed at all frequencies. The detection of this feature in the X-ray region is however difficult. In fact, at these wavelengths the emission can be easily dominated by long-lasting activity from the central engine. The prompt emission tail is usually dominant during the first few hundred seconds (6), and powerful flares (7), likely of internal origin (8) , are often observed superimposed on the light curve decay. The afterglow peak has proven difficult to identify also at infrared, optical and ultraviolet frequencies, despite a growing number of early-stage observations. Also at these wavelengths, in fact, the presence of other components, like the optical flash (as in GRB 990123; 9), or the reverberation of the prompt emission radiation (as in GRB 041219A and GRB 050820A; 10, 11), can mask the rise, peak and very early decay of the underlying afterglow. In other cases, as for GRB 030418, the lack of a measured redshift prevented deriving firm conclusions (12) .
GRB 060418 (13) and GRB 060607A (14) were detected by the Swift satellite (15) . Their prompt gamma-ray emission lasted for about 50 and 100 s, respectively, displaying complex, multi-peaked light curves. They are at redshifts z = 1.489 (16) and z = 3.082 (17) and their isotropic-equivalent energy released in gamma-rays is E γ = 9 × 10 52 and ∼ 10 53 erg (18, 19) .
Within 78 and 65 s, respectively, Swift slewed to these targets to monitor them at X-ray and optical/ultraviolet wavelengths with the XRT and UVOT instruments. In both cases, the robotic Rapid Eye Mount (REM) telescope (20) up to ∼ 1000 s after the trigger, followed by a rebrightening lasting ∼ 2000 s. To quantitatively evaluate the peak time, we fitted the NIR light curves by using a smoothly broken power-law (21) (any other suitable functional forms provides comparable results; see Fig. 1 and Table 1 ), obtaining peak times of 153 ± 10 and 180 ± 6 s (1σ error) for GRB 060418 and GRB 060607A, respectively.
As for many other GRBs observed by Swift (22) , the early X-ray light curves of both events show several, intense flares superimposed on the power-law decay. In particular, for GRB 060418 a bright flare is active between ∼ 115 and 185 s. The X-ray light curve of GRB 060607A is more complex and presents two large flares within the first 400 s. After that the flux density decreases with a shallow power law (with small-scale variability) until steepening sharply at t ∼ 10 4 s.
By comparing the X-ray and NIR light curves of both bursts, it is apparent that the flaring activity, if any, is much weaker at NIR wavelenghts. It is thus likely that the afterglow peak, visible in the NIR, is hidden in the X-ray region. In the case of GRB 060418, thanks to our multicolour data, this can be confirmed by considering the NIR/X-ray spectral energy distribu-tion. The extrapolation of the NIR flux to the X-ray band predicts at the time of the afterglow peak a flux much lower than observed, implying that another component is powering the X-ray emission. After a few hundred seconds, where no flares are present, this is not the case anymore, and we can easily model the spectrum from the NIR to the X-rays by using the standard afterglow theory. In particular, the spectral and decay indices of GRB 060418 at NIR and X-ray frequencies are remarkably consistent with the behaviour predicted for a fireball expanding in a homogeneous ambient. For GRB 060607A, the light curve is complicated by several flares, and we lack multicolour data, so that a detailed analysis is not possible. Its behaviour is nevertheless broadly consistent with a homogeneous ambient as well.
For both bursts the peak time t peak is longer than the burst duration. In this case the detection of the afterglow peak yields a direct measurement of the fireball Lorentz factor at the afterglow onset (3, 23) Γ(t peak ) = 1/ 1 − v 2 /c 2 (where v and c are the speed of the fireball and of the light, respectively):
where E γ = 10 53 E γ,53 erg is the isotropic-equivalent energy released by the GRB in gammarays, n = n 0 cm −3 is the circumburst particle number density, m p is the proton mass, t peak = 100 t peak,2 s is the peak time in the observer frame, and η = 0.2 η 0.2 is the radiative efficiency.
Since the fireball initial Lorentz factor is Γ 0 ≈ 2Γ(t peak ) (3), substituting the measured quantities and normalizing to the typical values n = 1 cm −3 and η = 0.2 (24), we infer for both bursts
. This value is very weakly dependent on the unknown parameters n and η, and therefore provides a robust determination of Γ 0 .
This is the first time that Γ 0 is directly measured from the observations of a GRB. Such a value is well within the range 50 < ∼ Γ 0 < ∼ 1000 envisaged by the standard fireball model (2, 3, 25) . It is also in agreement with existing measured lower limits (26, 8) . The determination of t peak is in principle affected by the choice of the time origin t 0 (27, 28) (we have set t 0 to the BAT trigger time). It has been shown, however, that this effect is small (28) , and mostly affects the rise and decay slopes rather than the peak time (especially given that t peak is larger than the burst duration for GRB 060418 and GRB 060607A). The measurement of Γ 0 is thus not very sensitive to the exact choice of t 0 .
Having measured the Lorentz factor, we can also derive other fundamental quantities characterizing the fireball. In particular, the deceleration radius is
cm. This is much larger than the scale of 10 15 cm where the internal shocks are believed to power the prompt emission (4), thus providing further evidence for a different origin for the prompt and afterglow stages of the GRB. We can also compute the isotropic-equivalent baryonic load of the fireball
where M ⊙ is the mass of the Sun
For both bursts, we could not detect any reverse shock emission. The lack of such flashes has already been noticed previously (29) . Among the many possible mechanisms to explain the lack of this component, strong suppression (or even total lack) of reverse shock emission is naturally expected if the outflow is Poynting-flux dominated (30) .
The very fast response REM observations presented here provide crucial information on the GRB fireball parameters, most importantly its initial Lorentz factor. These are a key to constrain the properties of the still mysterious GRB engine, including the production and acceleration of the jet, and the release of the electromagnetic energy. Table 1 . Best fit values to the light curves of GRB 060418 and GRB 060607A (1σ errors).
For the latter we used only data for t < 1000 s. We adopt the functional form F (t) =
, where F 0 is a normalization constant, α r(d) is the slope of the rise (decay) phase and κ is a smoothness parameter. The time t peak at which the curve reaches its maximum is related to t b according to
The relatively large χ 2 of the fit results from small-scale irregularities present throughout the light curve (see Figs. 1 and 2 ). 
